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Introduction
Due to a stadium construction boom, the economic impact of new stadium development has become a more controversial and discussed issue. Politicians who address the citizens' civic pride by spending large amounts of public money on subsidizing major stadium projects usually have familiar arguments. They affirm that the expenditures will be good investments, due to creation of construction jobs and attracting businesses and tourists, leading to stimulation of spending in the community and increased tax revenues. Critics maintain that high expectations are based upon unrealistic assumptions about multiplier effects, underestimation of substitution effects and by neglecting opportunity costs (BAADE, * We are grateful to Stephen Redding, Daniel Sturm and Nikolaus Wolf for sharing most valuable data. We would like to thank seminar participants, in particular Arne Feddersen, for valuable comments and suggestions. Niklas Jakob provided perfect IT-support. We are also indebted to Markus Breithaupt and Monika Mischlinsky of the Berlin Senate Department for Urban Development for readily providing GIS-content being the precondition for this research. Econometric ex-post evaluation has long supported scepticism regarding the economic benefits of new stadium projects, since few positive and often negative impacts have been found on income (BAADE, 1988; BAADE & DYE, 1990; COATES & HUMPHREYS, 1999) , employment (BAADE & SANDERSON, 1997) and wages (COATES & HUMPHREYS, 2003) . Relatively few studies have identified positive impacts on employment (BAIM, 1990) or rents (CARLINO & COULSON, 2004 ) on a city or metropolitan statistical area (MSA) level. Siegfried and Zimbalist (2006) provide a detailed discussion on why sports facilities have failed to stimulate local economies.
This debate, however, might neglect a crucial aspect. Critics themselves emphasize that stadiums and corresponding franchises are relatively small "businesses" compared to major cities or metropolitan areas and that impacts are therefore limited (ROSENTRAUB, 1997) . At the same time empirical studies usually use aggregated data on a city or MSA level, instead of focusing on areas for which impact might be expected. As a consequence the perspective of residents living in close proximity to a stadium has largely been neglected in the empirical literature, most probably due to difficulties in obtaining and handling data. Sometimes neighbourhood activists tend to oppose new stadium construction, arguing that they expect emerging traffic congestion and crowds to lower property values nearby. Contrary to these expectations, Tu (2005) , who was the first to empirically analyse stadium construction from the homeowner perspective by using transaction data on single-family properties, found a clear positive impact on property prices when investigating the impact of FedEx Field in Prince Georges County, Maryland, USA. Coates and Humphreys (2006) show that voters in close proximity to facilities tend to favour subsidies more than voters living farther from the facilities, indicating that benefits from stadia might exhibit an unequal spatial distribution.
The present study investigates the impact of three sports arena projects completed during the 1990s in downtown Berlin, Germany, which were explicitly designed to improve neighbourhood quality. Impact will be assessed by using highly HCED 03 -Impact of Sports Arenas on Land Values 3 disaggregated data and a comprehensive hedonic model, which explains land value patterns for all of Berlin and provides valuable insights on land gradient behaviour and impacts. Our results show that sports arenas have an impact at the neighbourhood scale, although this may vary for different arenas.
The remainder of this article is organized as follows. In section 2 two projects are presented in detail. Section 3 and 4 discuss data, empirical strategy and methodological issues. Section 5 contains the empirical results and an interpretation. Section 6 concludes and gives an outlook.
Velodrom and Max-Schmeling-Arena
The two sports arenas investigated are the Max-Schmeling-Arena and Velodrom/Swimming-Arena, both located in Prenzlauer Berg, a district within former East-Berlin.
1 The arenas were originally designed to the standards of the Interna- More information on sources and the process of collection of standard land values is in the data appendix.
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Especially in the outer areas of Berlin there are much larger blocks. These typically cover recreational areas such as parks, forest and lakes which are undeveloped and unpopulated and are not included in the present study.
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All GIS maps were provided by the Senate Department of Urban Development (Senatsverwaltung fuer Stadtentwicklung) and are based on "The City and Environment Information System" of the Senate Department (SENATSVERWALTUNG FUER STADTENTWICKLUNG BERLIN, 2006b 
H is the aggregated value of attribute characteristics, which translates into a market value or sales price (P) following a determined functional relationship
In urban and real estate economics literature it is common to assume this relationship is log-linear, allowing for a non-linear relationship between price and 
where i, j and k represent the number of attributes, α, β, γ and δ are coefficients and ε is an error term.
Theory does not determine which variables are used in an appropriate hedonic model specification. In recent publications much attention has been paid to the characteristics of the real estate units (ELLEN et al., 2001; GALSTER, TATIAN, & PETTIT, 2004; HEIKKILA et al., 1989; TU, 2005) . To compare property transactions it is necessary to correct all transactions for a complete set of unit characteristics.
Indeed, as noted by Heikkila, et al. (1989) , a feasible correction for unit characteristics gives the analysis a character of referring to land values instead of property prices (HEIKKILA et al., 1989) . As we directly focus on land values as the endogenous variable we can largely abstract from unit characteristics and even the pricelot size relationship. 9 We focus on other factors and develop a model which describes Berlin's land value pattern through a comprehensive set of explanatory variables covering land use, accessibility indicators, natural endowments, public services provision and variables that represent density and composition of neighbourhood populations. bility. Impact of public transport on property prices has been investigated by Gatzlaff and Smith (1993) and Bowes and Ihlanfeldt (2001) , who also discussed related sources of negative externalities. We capture the impact of the public transportation network on price pattern by using distances to metro and suburban railway stations. To capture externalities created by railroad noise, which have a negative impact on property values (CHESHIRE & SHEPPARD, 1995; DE-BREZION, PELS, & RIETVELD, 2006) , we add distances to above ground railways. In the same way we consider the effects of proximity to bodies of water (lakes and rivers), natural amenities that are expected to be a major determinant for the emergence of high quality residential areas. We also include proximity to playgrounds and schools, providing information on the supply of public services infrastructure.
As indicators of neighbourhood quality we add population density and proportions of foreign people (DUBIN & SUNG, 1990; TU, 2005) . We also consider proportions of other potential low-income groups such as people over the age of 65, and young professionals and students between 18 and 27. To assess any impacts related to households with children we use proxy-variables of proportions of the population in the age classes: below 6, from 6 to 15, and from 15 to 18.
Recently there have been attempts to control for location by using large sets of dummy-variables representing locational fixed effects (ELLEN et al., 2001; GAL-STER, TATIAN, & PETTIT, 2004; GALSTER, TATIAN, & SMITH, 1999; TU, 2005) . We use this concept to account for potential East-West heterogeneity by introducing a dummy-variable for West-Berlin, which we allow to interact with all explanatory variables to allow for heterogeneity of all implicit attribute prices.
Spatial dependence may lead to autocorrelation, which violates the assumption of zero-correlation between residuals, leading to inefficient OLS estimates and biased test-scores. Intuitively spatial dependence can be imagined to be the result of external effects of surrounding areas. One explanation for spatial dependence in property prices and rents is that the buyer and seller consider previous transactions that have occurred in the immediate vicinity. To deal with spatial dependence, Can and Megbolugbe (1997) used a spatial autoregressive explanatory vari-able that represented a distance-weighted average of local sales prices that had occurred prior to the transaction.
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. To determine the value of the spatially lagged variable for block i, we weight land value of neighbouring block j (P j ) with spatial
where (1/d ij ) represents the inverse of distance between centroids of blocks i and j. The spatial lag value for block i takes the form:
Having decided to use a spatial weight-matrix using inverse distance weights, then the spatial extent surrounding properties needs to be defined. Can and Megbolugbe (1997) found a 3000 m radius to be superior, considering only the three nearest properties. Tu (2005) showed minimal impact and so they excluded the spatial lag term. To test which of the specifications proposed by Can and Megbolugbe (1997) best match our requirements we calculate inverse distance matrixes according to both specifications. Figure 2 shows Moran scatter plots for logarithms of land values for 2006.
The plot based on a distance-matrix capturing three nearest blocks (Fig. 2b) clearly exhibits a more linear relationship, better capturing spatial dependence.
This is confirmed by a larger Moran's I coefficient.
14 13 Since assessed standard land values all refer to the same point in time we do not have to define any relevant pre-transaction period.
14 Comparing the effects of different spatial weight matrixes on nominal values yields similar results. We provide scatter-plots of logarithms since we use log-values as endogenous variables. close to one) we emphasise that the explanatory power of our model depends only to a minor extent on the introduction of the lag-term. In Table A1 we compare the performance of our final hedonic baseline-regression (1) with the performance when omitting the lag-term (3). An R 2 of close to 0.9 indicates that our model performs well when neglecting spatial dependence. However, the improvements in residuals following the spatial model extension are substantial. In
Figures 3 the residuals corresponding to Table A1 , column (3) are plotted into three dimensional space.
15, 16
15 These residual surfaces also serve as a useful tool to eliminate extreme values. The most western block, isolated and contiguous to Berlin's boundaries within a forest, has an extremely large residual. This indicates that our model, largely calibrated to inner-city areas, does not explain the valuation of an isolated area. Consequently we exclude this observation.
Fig. 3 Gridded Residual Surface (Spatially Extended Model)
The full model specification can be expressed in the following way: 16 To check for robustness we consider numerous lag-term specifications, including two, four, five and six nearest blocks as well as a specification which considered all blocks within 1500 m. However, Moran scatter plots and R 2 both suggest that the final model performs best in capturing spatial dependence. and lower case letters represent the set of coefficients to be estimated and ε is an error term. In Table 1 is a detailed description of components. Attribute-variables interact with dummy-variables to allow implicit prices to vary across space and land use.
Tab. 1 Description of Variables and Abbreviations
To capture irregularities in land value pattern due to the presence of Velodrom and Max-Schmeling-Arena dummy-variables are introduced, representing mutually exclusive distance rings surrounding the arenas. Distance-impact variables representing distance from block centroids to the subject arena are introduced subsequently. We allow for quadratic terms in distances and interact dummywith distance-variables to identify the most appropriate function.
Empirical Results

Baseline Hedonic Model
The baseline hedonic model (Table A1, As expected, for residential and industrial areas centrality is clearly important.
However, the significant positive coefficient on Business x Dist_Cent shows that the location premium that business users are willing to pay is not linked strongly to distance from CBD. Apparently, remoteness is less problematic for business use. This may be explained by business, particularly retailers, having considerable market access in suburban areas. In contrast, for residents there is no alternative to the CBD for various specialized services. Proximity to metro and suburban railway stations has a significantly larger impact on prices paid for business real estate than for other land uses. In West-Berlin the proximity to suburban railway stations appears to have a significantly larger impact on property valuation than in East-Berlin, while for metro stations the opposite is true. This pattern might be partially attributable to the more developed metro network of West-Berlin, whereas in East-Berlin the suburban railway system dominates. 17 The implication is that if a particular service is provided relatively evenly across locations, residents then no longer recognize it as a local amenity. A similar argument applies for schools and playgrounds that have virtually no impact on land values.
17 Even before Berlin's division the largest part of the metro network was within the western part of the city. However, after separation this imbalance increased. Since the eastern Municipal Transport Services managed the suburban railway network, the western authorities focused on the improvement of metro infrastructure.
Composition and density of population affects property prices more or less uniformly in both parts of the city. Population density has a negative impact on area valuation and the effect is significantly stronger within West-Berlin. The coefficient on proportions of foreigners is also significantly negative, indicating that foreign population indeed concentrates in areas of lower valuation, most probably due to lower incomes. This impact is similar in both parts of the city. The 18 to 27 year-olds also concentrate in areas of relatively lower valuation, probably since this group largely consists of trainees and students who have left home and are confronted with serious budget constraints. In contrast, people over 65 show no major concentration in economically deprived neighborhoods. The coefficient on the proportion of population below the age of six, a proxy for families with young children is significantly positive.
Impact of Sports Arenas
We consider the general neighbourhood of each arena to be the area within a 5000 m radius, which had proved useful in the case of the larger FedEx Field (TU, 2005) . To capture neighbourhood fixed-effects we create two dummy-variables denoting all blocks lying within each of those impact-areas. In our first approach to assess arena impact we introduce two sets of mutually exclusive distance rings surrounding both arenas, again represented by dummy-variables. For each arena, four 1000 m radius rings, the first from 0-1000 m, the second 1000-2000 m, etc.
are added to capture effects across distance. The results of this basic impact model are presented in column (1) of (1) Notes: The basic model is the same as in (1) of Table A1 . We capture the effects of Max-Schmeling-Arena by introducing the full set of dummy-variables represented in column (3) of Table 2 . Distance is defined as the distance from each blocks centroid to the corresponding arena, in meters. Neighbourhood effects are defined as in Table 2 . Standard errors (in parentheses) are heteroscedasticity robust. * denotes significance at the 10% level; ** denotes significance at the 5% level; *** denotes significance at the 1% level.
Tab. 3 Empirical Results of Alternative Models for Velodrom
Although both arenas are situated in general neighbourhoods in which properties appear to sell at a discount, this discount does not increase with proximity to the arenas as for the FedEx Field (TU, 2005) .Within the general neighbourhood, the arenas seem to have significant positive impacts. In immediate proximity to Velodrom, for instance, positive impacts outweigh the general neighbourhood disadvantages. To confirm these results and to find the most appropriate functional form of arena-impact, we introduce distance-based variables and set up two series of hedonic models (Table 3 and 4).
Our results suggest that impacts are limited to a distance of 3000 m. We consequently omit the 3000-4000 m dummy-variable in following models. As suggested by Tu (2005) , three distinct model specifications are tested. In column (1) of Tables 3 and 4 the specification used in Table 2 is repeated, but omitting the 3000-4000 m dummy-variable. Column (2) tests for a linear impact of distance to arena, therefore the 0-1000 m and 1000-2000 m dummy-variables are substituted with an interactive term that consists of the 0-3000 m dummy interacted with distance to arena. Column (3) specification allows for a quadratic term to account for non-linear effects, in particular for the potentially parabolic form of impact of Max-Schmeling-Arena.
Tab. 4 Empirical Results of Alternative Models for Max-Schmeling-Arena
(1) (2) Notes: The basic model is the same as in (1) of Table A1 . We capture effects of Velodrom by introducing the full set of dummy-variables represented in column (2) of Table 2 . To reduce the table size we only display variables indicating impact of Max-Schmeling-Arena. All variables are the same as in Table 3 . Standard errors (in parentheses) are heteroscedasticity robust. * denotes significance at the 10% level; ** denotes significance at the 5% level; *** denotes significance at the 1% level.
The results in Tables 3 and 4 are similar to those of Table 2 . For Velodrom, we find a highly significant linear distance-price relationship. The quadratic distance term is not statistically significant. For Max-Schmeling-Arena, in contrast, specification (3) clearly provides a better fit. Both interactive distance terms are significant, revealing that the pattern of land value impact is in a parabolic form. Having identified the appropriate functional form for each arena we finally estimate coefficients for both arenas, assuming that the land value-distance relationship is linear for Velodrom and quadratic for Max-Schmeling-Arena. Level-effects are now omitted for Max-Schmeling-Arena since the corresponding dummy-variable was not statistically significant in specification (3) of Table 4 . 19 Estimations for our final hedonic specification are presented in Table 5 .
Tab. 5 Empirical Results of Final Hedonic Specification
(1 (1) of Table 2 . To reduce the table size we only display variables indicating impact of Velodrom and Max-Schmeling-Arena. All variables are the same as in Table 3 . Standard errors (in parentheses) are heteroscedasticity robust. * denotes significance at the 10% level; ** denotes significance at the 5% level; *** denotes significance at the 1% level.
These results are presented graphically in Figure 4 where the relative land value gradients are plotted, based on the corresponding coefficient estimates.
Notes:
The graphs displayed in this figure are the graphical illustrations of coefficient estimates represented in table 5. To provide a better spatial impression of both overlapping arena-impacts the differences in residuals were plotted, between our final hedonic impact specification (Table 5 ) and the hedonic baseline specification of column (1) Table 5 in three dimensional space ( Figure 5) . It can be shown that these differences correspond to the estimated arena impacts. Assuming that represents our hedonic baseline specification and
μ MS VELO BASE P
is our final hedonic impact specification, where BASE is a vector of attribute variables included in our baseline model, VELO is a vector of impact variables related to Velodrom and MS is similar for Max-Schmeling-Arena. β, γ and δ represent sets of coefficients to be estimated and ε and μ are error terms. Taking differences yields:
In our econometric specification this relationship corresponds to taking differences between residuals in order to visualize the additional explanatory power provided by the introduction of impact variables. Velodrom, Max-Schmeling-Arena is the home of two sports clubs of national importance. 20 The regular presence of highly involved fans may represent a source of noise and disturbances that might reduce residents' willingness to pay for living spaces. Secondly, despite the well-developed public transportation infrastructure, the objective of transporting nearly 100% of visitors by public transport has never been achieved. 21 Being situated in one of the most densely populated areas of Berlin, and with a lack of provision of additional parking facilities, has led to increasing parking scarcity and infuriation among the residents. 22 This potentially affects land values by particularly discouraging car-owning households. In the case of Velodrom an adjoining empty lot was transformed into a car-park, whereas the absence of such available space in the proximity of Max-SchmelingArena has meant that the problem is still unsolved.
Conclusion
This paper contributes to the wider discussion on land value behaviour as well as to the more specific debate on stadium impact. Application of GIS techniques and highly disaggregated data allowed the development of a cross-sectional hedonic Notes: Model (1) represents our baseline hedonic model, which we obtain after stepwise deletion of statistically insignificant variables of the full model specification (2). In (3) we repeat our baseline regression omitting the spatial lag-variable. The dependent variable is the natural logarithm of standard land values in all models. Independent variables are described in table 1. Standard errors (in parenthesis) are heteroscedasticity robust. * denotes significance at the 10% level; ** denotes significance at the 5% level; *** denotes significance at the 1% level .
